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ABSTRACT 
The accumulation of waste in Peru has become a problem that affects the entire population and has 
generated the need to understand how and why this situation has developed. This situation can be 
described and understood through an examination of the most relevant social indicators of a very 
specific community. Consequently, it is necessary to understand the link between the situational reality 
of solid waste accumulation and the social indicators that are relevant to this process. Therefore, the 
main objective of this research is to contribute to the improvement of municipal solid waste 
management plans, specifically solid waste collection tasks. To this end, a methodological tool that 
focuses on the study of social indicators (e.g., age, education level, and financial income, among others) 
is proposed to identify the sectors most prone to solid waste accumulation. This study proposes a set of 
indicators that describe the economic, social, and environmental conditions of the location inhabitants 
and answers the questions initially posed. The district chosen for this case study is Puente Piedra. This 
research resulted in a set of social indicators divided into sociodemographic, socioeconomic, and 
sociocultural categories that can be used to forecast future tasks in sectors prone to solid waste 
accumulation. 
Keywords:  solid waste, social indicators, waste management, Peru. 
1  INTRODUCTION 
Solid waste generation has become a global problem because the planet has experienced 
alarming levels of production [1]. According to Kaza et al. [2], the world generated  
2.01 billion tons of municipal solid waste in 2016 and this number is expected to increase  
to 3.40 billion tons by 2050. Consequently, it is important to manage it efficiently, as well as 
raise awareness among populations to control the problem that is becoming more acute daily. 
The elimination of solid waste has undoubtedly become a problem that must be treated with 
the utmost urgency [3]. 
     On the other hand, factors such as continuous economic growth, urbanization, and 
industrialization, hinder the correct management of solid waste and create a problem for the 
authorities with responsibility for executing it efficiently [4]. One of the major sources of 
environmental pollution is domestic solid waste, especially in developing countries, where 
only 4% of the waste generated is recycled [2]. Therefore, efficient and modern solutions are 
being sought in different regions of the world to minimize the production of solid waste; 
however, the efficacy and success achieved have been uneven and limited [2]. 
     Against this background, this research focuses on studying the process of solid waste 
generation/accumulation, considering solid waste as any substance or product in a solid or 
semi-solid state that when it has fulfilled its function or been used and/or served an activity, 
then is subsequently discarded. The mismanagement of solid waste can create a risk to health 
and the environment [5], [6]. On the other hand, the management process is divided into 
hazardous and non-hazardous waste and classified as municipal and non-municipal waste 
accordingly [7]. The main actors in solid waste policy are the competent authorities, 
companies, and the population, the latter being the most decisive [8]. 
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     For this reason, the National Environmental Action Program and the National 
Environmental Action Plan in Peru have agreed on a priority objective: the comprehensive 
management of solid waste at the national level. Established goals must be met by 2021, 
including environmental education about responsible consumption [9]. From this 
perspective, the Ministry of Environment (MINAM) has identified 28 critical points in 43 
districts of Lima. In addition, the Environmental Assessment and Inspection Agency (OEFA) 
has determined 148 critical points of waste generation (also in Lima), which add up to a total 
of 8,670 tons of waste per day [10]. However, of the total national waste generated, only 
43.5% is deposited in sanitary landfills and only 55.4% is deposited correctly or safely [11]. 
According to Alata [12], the Metropolitan Municipality of Lima registered the generation of 
more than three million tons of garbage in 2017, which is equivalent to more than 8,970 tons 
per day. This is an uncomfortable situation for citizens as evidenced by a survey conducted 
in Lima. The survey results reflected citizens’ dissatisfaction with the waste collection 
service (32.6%) and the lack of an effective and efficient recycling system (18.9%) [13]. 
     At an international level, the situation is not very different from that in Peru. A series of 
projects are being planned and implemented to improve solid waste management. For 
example, in Colombia, a methodological proposal was developed to determine how much 
waste of residential origin is generated in developing countries. The results obtained were 
acceptable for medium-sized cities. The research team conducted prior visits and home 
surveys which led to a fluid and organized collaboration with the community itself [14]. In 
Iran on the other hand, the same strategy was applied to 1,782 households to determine the 
factors associated with domestic solid waste generation, and information was collected 
through a questionnaire that evaluated sociodemographic factors (e.g., age, marital status, 
gender, etc.) [15]. Likewise, in Canada, Kannangara et al. [16] conducted research to develop 
a predictive model based on demographic and socioeconomic indicators. This model was 
created through a residential mapping exercise in 220 municipalities. They analyzed the data 
collected detailing the generation of annual residential waste and obtained successful results 
with a good predictive percentage (72%). 
     In the same way, Torres et al. [17] developed a comprehensive management model in 
Mexico that addressed the problem of solid waste accumulation in public places. The study 
highlighted the importance of people as fundamental change agents. Similarly, in the 
Netherlands, an estimate of the amount of solid food waste was made through a survey of 
763 citizens using a cell phone application and classification techniques of household solid 
waste in 130 households [18]. A similar project was conducted in Dehradun, India, where the 
quantity and quality of household waste were studied in terms of socioeconomic groups and 
family size [19]. In addition, a study was conducted in Cape Haitian, Republic of Haiti, 
through a survey of socioeconomic groups and waste generation [20]. 
     An important feature of the studies shown is that, despite their variety, the methods 
applied in different countries have in many cases involved creative or traditional strategies, 
such as surveys. In this sense, this research hopes to establish a tool to develop knowledge 
about the accumulation of solid waste and to elucidate the social, economic, and cultural 
characteristics that influence this process to improve citizens’ living conditions.  
     This research developed a set of social indicators that identify key spots of solid waste 
generation in urban areas. Studies conducted from this perspective can be used to geo-
reference the relationship between selected social indicators and solid waste generation. This 
article is divided into five sections. The first section focuses on describing a global vision of 
the subject as an introduction. The section that follows describes the methodology and 
important characteristics of the case study (Puente Piedra district). Section 3 describes the 
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main results obtained. Section 4 discusses the most relevant results and finally, the Section 5 
presents a conclusion. 
2  METHODOLOGY 
In this section, a description of the methodology, the case study, and the information sources 
used for this research are presented. The study focuses on an urban area of Lima, in Puente 
Piedra district. The methodological framework is presented in Fig. 1 and explained in the 
following paragraphs. The first part details the information collection process and the 
selection of the case study, using information from work conducted by the Ministry of 
Environment of Peru (MINAM) and the National Institute of Statistics and Informatics of 
Peru (INEI). The second part identifies the social indicators used based on the characteristics 
of the study area and relevant prior information; and finally, an analysis was conducted and 
selected indicators proposed. 
 
 
Figure 1:  Methodological framework. 
2.1  Description of the case study 
Puente Piedra is located north of Lima Province and is a district with a total area of  
72.81 km2 and a population of 329,675 inhabitants [21]. It was chosen not only for its 
accessibility but also because it is one of the most contaminated districts in Peru [22]. Given 
the district’s land area, we decided to focus on two sectors: “Santa Juana de Copacabana” 
and “Los Frutales del Norte I” Associations. The location and spatial features of the chosen 
sectors are presented in Fig. 2. 
2.2  Identification of social indicators 
According to Acuña and Valera [23], one community’s social indicators do not necessarily 
explain the behavior of wider society; therefore, to have greater control and minimize errors, 
we aimed to identify social indicators specific to the case study location to identify the  
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Figure 2:  Case Study: Santa Juana de Copacabana and Frutales del Norte I. 
average behavior of residents of the study area. For this reason, it was necessary to define 
what to measure and how to measure it. This project analyzed the most relevant social 
characteristics influencing the solid waste accumulation process. Therefore, we validated the 
features of each social indicator to determine its relevance and how representative it was of 
the topic being studied [24], [25]. 
     We also needed to analyze demographic data and collect information samples to design a 
survey that covered all the study indicators [19]. For this project, the residents of the study 
area were interviewed and this information was used to identify the relevant social indicators. 
This selection process involved establishing communication strategies with the residents to 
obtain their greatest possible collaboration including awareness workshops, prior visits, and 
interviews. Another important thing to consider was that each indicator needed linking to 
both the locality and the dwellings in an environmental context, and the intrinsic 
characteristics of the physical environment [26].  
     Social indicators were selected using an existing bibliography and expert judgment. The 
selection process involved interviews with the residents of both locations, to identify 
correlations between existing living conditions and the generation of infectious foci. A total 
of 176 residents were interviewed. Therefore, the assessment process and results obtained in 
this study are only applicable to a certain time and space; however, the methodology is 
reproducible at all levels of scale. Finally, the selected social indicators were grouped into 
three categories for clarity: sociodemographic, socioeconomic, and sociocultural factors. 
Table 1 presents the set of social indicators proposed for subsequent application in the study 
area, to make it possible to assess the correlation between the social profile obtained and the 
locations of solid waste accumulation. 
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Table 1:  Classification of indicators according to validity and representation. 












Waste management awareness 
Participation in training
2.3  Analysis of social indicators 
This section explains the procedure involved in applying the social indicators previously 
selected for identifying possible sectors of solid waste accumulation. For this, the study 
carried out by Thomas Bohorquez [27] was taken as a reference, since it used a mixture of 
analysis and data processing tools to improve city planning. The result of this adaptation is 
shown in Table 2. The sociodemographic, socioeconomic, and sociocultural profile of the 
study area was expected to be the final product. Multivariate analysis can be conducted to 
obtain subsequent geo-referencing and prediction. 
3  RESULTS 
The main contribution of this methodology was a set of ten social indicators characterized in 
three dimensions: sociodemographic, socioeconomic, and sociocultural. 
     The sociodemographic dimension comprised the following descriptors: age, education 
level, population density, and land use. This category will permit a better understanding of 
whether there is any relationship between its descriptors and solid waste accumulation such 
as how relevant education level or age is to these processes. On the other hand, the 
socioeconomic dimension comprised the following descriptors: consumption patterns, the 
existence of ambulatory trading, and average monthly income. This layer of information 
provides an understanding of the economic profile of the study sector and its relationship 
with solid waste accumulation. For example, if the consumption pattern occurs daily rather 
than weekly, it could be that the generation of solid waste is greater. Finally, the sociocultural 
dimension comprised the following descriptors: local custom, awareness of solid waste 
management policies, and participation in training. This last level of information permits a 
better understanding of the social constructs in the sector analyzed. For example, it will 
describe residents’ behavior patterns and incentives to take the garbage out (waiting for the 
collector or leaving it in a place that serves as an accumulation spot). 
     The ten descriptors mentioned above provide an understanding of the population in action, 
thereby helping to protect their environment by identifying whether there is a lack of 
opportunity for development to improve residents’ living conditions. To understand the 
importance of the proposed indicators, official information provided by the INEI during the 
last 2017 census was used because it collected multiple social indicators to assess inhabitants 
living conditions. Statistics for the study area indicated that 82% of dwellings were inhabited. 
Another important fact is that 71.3% of dwellings have both basic water and electricity  
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services. In terms of educational level, 44.4% of the population had completed secondary 
school and 4% never had an education. Age stratification measures indicated that 46.6% of 
the residents were between 18–44 years old. Economic profiling indicated that 34.35% were 
independent workers, 32.07% were employees and 23.84% were engaged in mixed activities. 
Finally, the family composition tended in most cases to consist of 4 people (70.02%) [28].  
4  DISCUSSION 
The proposed set of indicators provides a robust and replicable tool to identify places prone 
to solid waste accumulation. In addition, it could contribute to the optimization of municipal 
management, providing methods that make it possible to understand residents better and 
implement a management plan according to their needs. It is important to understand the 
attitudes and beliefs of a population to understand how individual behavior impacts on 
environmental contamination [29]. Therefore, social indicators help identify the behavior that 
generates solid waste accumulation spots, to better understand this phenomenon and 
implement corrective measures to improve waste treatment leading to an overall reduction in 
waste dumping. 
     Solid waste accumulation areas are difficult to predict using a single social descriptor; 
therefore, it was necessary to combine different descriptors grouped into the categories that 
we have addressed: sociodemographic, socioeconomic, and sociocultural factors. Given that 
it was important for the authors to prioritize indicators in order of the relevance to their 
respective categories, we produced a hierarchical weighting matrix based on Saaty’s studies 
[30]. Table 3 presents the results of the hierarchical analysis. 
Table 3:  Hierarchical analysis of social indicators. 










Existence of ambulatory trading (11.5%) 




Waste management awareness (32%)
Participation in training (12.3%)
 
     When evaluating the relevance of each category, we observed that sociodemographic and 
sociocultural indicators were the most relevant with 88.5% since local residents’ customary 
disposal of solid waste depends on these. However, sociodemographic indicators including 
education level, closely followed by population density, and the number of household 
occupants directly affects the generation of waste. In the area chosen, age was not relevant, 
since the vast majority of the population were young [28]. In the same way, at the 
sociocultural level, local customs were a more relevant indicator than awareness and 
participation in issues related to solid waste management. This organizational hierarchy 
indicates that social constructs are inherent in the formation of individual behavior. Finally, 
socioeconomic indicators revealed that the average monthly income and consumption 
patterns go hand in hand. 
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5  CONCLUSIONS 
This research identified a set of social indicators that influence solid waste accumulation in 
urban areas. Three categories of socioeconomic, sociocultural, and sociodemographic factors 
were used to bundle the proposed set of indicators. Sociodemographic indicators describe the 
resident’s social profile: land use, age, population density, and education. Socioeconomic 
indicators describe the relevant economic parameters influencing the accumulation process: 
average monthly income, consumption patterns, and the presence of ambulatory trading. 
Meanwhile, sociocultural indicators describe residents’ awareness and subsequent behavior. 
Finally, this research is presented as a starting point for future research papers which will 
implement and validate the descriptors analyzed in this proposal. 
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